As a cell survival signal, nuclear factor-kappa B (NFKB) is associated with the pathogenesis of numerous malignancies. According to several studies, NFKB1 -94ins/ del ATTG promoter polymorphism is associated with the risk of different malignancies, but the results were not consistent. Therefore, we performed an updated metaanalysis based on 37 case-control studies from 33 articles (16,271 cases and 22,781 controls) to clarify the relationship. The odds ratio (OR) and 95% confidence interval 
INTRODUCTION
Cancer is the result of complex interactions between inherited and environmental factors, which threatens people worldwide due to high morbidity and mortality [1] . Although the aetiology of this disease remains unclear, genetic susceptibility is one known explanation for the inter-individual variation in cancer risk [2] . Many researchers have been studying the aetiology of oncogenesis, and have identified the relationship between genetic polymorphism and cancer risk, especially for the NFKB1 -94ins/del ATTG promoter polymorphism.
NFKB is responsible for regulating the expression of many genes for immune response, cell adhesion, differentiation, proliferation, angiogenesis and apoptosis [3] . NFKB was first identified by Sen and Baltimore in 1986 [4] . As a transcription factor, NFKB binds to a 10 bp DNA element in kappa immunoglobulin light-chain enhancer in B cells [5] . The NFKB family consists of p50/ p105, p65/Rel A, c-Rel, Rel B, and p52/p100. Among them, the major form of NFKB is a heterodimer of the p50/p105 and p65/Rel A subunits that are encoded by the NFKB1 and NFKB2 genes, respectively [49] . The human NFKB1 gene, located on chromosome 4q24, encodes a 50 kDa DNA-binding protein that can act as a master regulator of inflammation and cancer development [6, 7] .
A common insertion/deletion polymorphism in the promoter region of the NFKB1 gene elicits a regulatory effect on the NFKB1 gene [8] and an increasing number of studies have assessed the association between the NFKB1 
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RESULTS
Characteristics of eligible studies
Our electronic database search resulted in 202 articles and 2 articles were available manually, we scanned all of the abstracts, and there were 45 articles that conformed to the inclusion criteria, we excluded 9 articles [52] [53] [54] [55] [56] [57] [58] [59] [60] that did not conform to HWE, 2 studies [61, 62] were excluded as they were duplications of previous publications and 1 study [63] did not have completely extractable data. Thus, we included 33 independent records [50] [51] . Riemann et al [15] was treated as three independent case groups because three cancer types were studied along with a control sample. Li et al [39] conducted their research in three types of urinary cancer (renal cancer, bladder cancer and prostate cancer), so we treated the data as three separate comparisons. Finally, a total of 37 separate studies involving 16,271 cases and 22,781 controls were available for our updated metaanalysis. Figure 1 describes the process for the study. Characteristics of the eligible studies are summarized in Table 1 . Among them, 26 studies were performed in Asian populations and 11 studies in Caucasian populations. In total, this meta-analysis included 5 studies on colorectal cancer studies, 4 on bladder cancer studies, 4 on ovarian cancer studies, 4 on prostate cancer studies, 3 on hepatocellular carcinoma studies, 3 on nasopharyngeal carcinoma studies, 2 on gastric cancer studies, 2 on oral squamous cell carcinoma studies, 2 on non-small cell lung cancer studies, 2 on renal cell cancer studies and 5 on other cancers. All cases were clinically pathologically confirmed. 
Meta-analysis of the overall population
The main meta-analysis results of the association between the NFKB1 -94ins/del ATTG promoter polymorphism and cancer risk are shown in Table 2 . All P values displayed obvious heterogeneity between the selected research studies under all five genetic models of the updated meta-analysis. Thus, the random-effect model was used. We found that the NFKB1 -94ins/del ATTG promoter polymorphism was significantly increased cancer risk in homozygote (II vs. DD, OR = 1.259, 95% CI = 1.068-1. 
Subgroup analyses
The subgroup analysis for ethnicity revealed significant increases in susceptibility for cancer risk in the four models among Asians ( Table 2 ). The stratified analyses revealed a significant association between the polymorphism and ovarian cancer (II+ID vs. DD, OR = 1.481, 95% CI = 1. 
Publication bias
The publication bias analysis was performed by Begg's funnel plot and Egger's test. The shape of the Begg's funnel plots seemed symmetrical ( Figure 4) and Egger's test suggested no evidence of significant publication bias (p = 0.161 for the dominant model, p = 0.056 for the recessive model, p = 0.092 for the homozygote model, p = 0.239 for the heterozygote model, and p = 0.117 for the allele model) in this updated metaanalysis.
Figure 3: Forest plots of ORs with 95% CI for the NFKB1 -94ins/del ATTG promoter polymorphism and risk of cancer in ethnicity (I vs. D). www.impactjournals.com/oncotarget
Sensitivity analysis
The sensitivity analysis was performed by the sequential omission of individual studies. After excluding each study sequentially, we obtained statistically similar results (data not shown), suggesting that the data of our meta-analysis are relatively stable and credible. In addition, the random-effects model was compared with the fixed-effects model, and the statistically similar results were obtained in all genetic models.
DISCUSSION
In recent years, several investigators reported the association between the NFKB1 -94ins/del ATTG promoter polymorphism and risk of cancers such as bladder, ovarian, prostate, gastric and breast cancers as well as non-small cell lung, hepatocellular and nasopharyngeal carcinomas, but the results are inconclusive. Previous meta-analyses [45] [46] [47] [48] had the drawback of a limited number of studies included and small sample sizes, or studies that were not in HWE were not excluded, which may affect the validity of the conclusions. Many relevant case-control studies were published recently [36] [37] [38] [39] [40] [41] [42] [43] [44] , including more ethnicities and cancer types. However, the results of these articles were not consistent in previous meta-analyses. To provide a more comprehensive conclusion, we expanded the sample size to more than double through the addition of new studies that were published since the previous metaanalyses.
We performed a meta-analysis of 37 case-control studies from 33 articles (16,271 cases and 22,781 controls) to clarify the relationship between the NFKB1 -94ins/del ATTG promoter polymorphism and cancer susceptibility. We found that the NFKB1 -94ins/del ATTG promoter polymorphism was significantly associated with increased risk of cancer; this result was different than a previous meta-analysis [48] , which reported that there was no association between the NFKB1 -94ins/del ATTG promoter polymorphism and cancer risk. The reasons for this difference could be explained as follows: 1) we included 37 case-control studies, versus only 11 studies ( 2,743 cases and 2,195 controls) in the previous metaanalysis, and therefore, the results of this meta-analysis were more credible; and 2) there may be some factors among the study populations that could influence the results, including age, gender, life style, and environment. In addition, when compared with the meta-analysis by Wenyuan Duan [45] , although we reached the same conclusion in the terms of overall population, our analysis has some advantages: 1) we excluded articles that do not conform to HWE, whereas the previous meta-analyses did not; and 2) we included 37 studies, whereas previous meta-analyses included just 25 studies, which could lead to a lack of statistical power and reliability. However, we must be careful in explaining the results due to the moderate heterogeneity. To investigate the origin of the heterogeneity, we conducted a stratification analysis based on ethnicity and cancer type. In the subgroup analysis of ethnicity, we found a significant association of the NFKB1 -94ins/del ATTG promoter polymorphism with increased and decreased cancer risk in Asian and Caucasian populations, respectively. Surprisingly, the results were different from the result shown by a previous metaanalysis [45] , which conducted that the NFKB1 -94ins/del ATTG promoter polymorphism was associated with risk in Asians but not in Caucasians population. The results may be explained by the following: 1) this discrepancy may be because of the limited sample size. The previous meta-analysis included only 9 articles (2047 cases and 2040 controls) in Caucasians, whereas we included 11 articles (3069 cases and 6584 controls); 2) we excluded the studies that do not follow HWE. Therefore, the results of this study are more reliable than the previous meta-analysis; 3) The sensitivity analysis was conducted through two methods in this meta-analysis, and the results were consistent with the previous results, suggesting the results of this study were stable.
Although the mechanism was not clear, we assumed that the mechanism underlying the cancer risk was related to the levels of p50. In recent studies [16, 68] , it was shown that the probable mechanism of the observed association may be relative to the upregulation of the expression and activity of p50, once p50 is over expressed, it may influence cancer risk. However, cancer is a complex disease influenced by genetic and other non-genetic factors such as environment, lifestyle and habits that might influence the incidence ratio of cancer [64] [65] [66] . The NFKB1 -94ins/del ATTG promoter polymorphism was just one of susceptibility genes, and all these non-genetic factors could influence the expression of the gene. Therefore, the differences in this NFKB1 polymorphism in Asians and Caucasians may result from different genetic background, environment, lifestyle or other factors.
According to the results of the analysis of the relationship between the NFKB1 -94ins/del ATTG promoter polymorphism and subtypes of cancer, the NFKB1 -94ins/del ATTG promoter polymorphism is a risk factor for oral squamous cell carcinoma, ovarian cancer and nasopharyngeal carcinoma. This result suggests that the NFKB1 gene might have some relevance in these cancers. The inconsistent may be caused by their different micro-environment, because the same genetic factor might have different correlations in different cancer site [67] . Our study has a relatively small number of cases in each cancer type, which might create significant or insignificant associations by chance due to insufficient statistical power. Therefore, further research should enlarge the sample for each cancer type and validate the cancer-specificity effect of this functional polymorphism on cancer susceptibility. This study has several limitations, like any metaanalysis. First, moderate heterogeneity was detected in some comparisons and may distort the meta-analysis. Second, the non-genetic risk factors such as environment are also important in the incidence ratio of cancer. Unfortunately, there were not enough data for further subgroup analysis; therefore, the results of subgroup analysis may affect the validity of the conclusions. Third, in the subgroup analysis, we found that our analysis was limited to Asian and Caucasian populations, so we do not know whether these conclusions can also be adopted in other populations. This may cause publication bias. Finally, the sample sizes for each type of cancer were relatively small, so further research should enlarge the sample sizes to obtain more accurate conclusions.
Despite these limitations, our study has several strengths. First, all of the studies that we chose agreed with HWE, which may increase the validity of the conclusions. Second, the sample size of our study was more than double that of the previous meta-analysis, significantly increasing the statistical power. Although this updated meta-analysis had the above-mentioned shortcomings, we tried to control them through perfected searching, sifting the good ones from the bad and performing the statistical analyses strictly.
CONCLUSIONS
We conclude that the NFKB1 -94ins/del ATTG promoter polymorphism is associated with cancer risk not only in Asian populations, but also in Caucasian populations. Moreover, there might be a significant association with increased susceptibility between the NFKB1 -94ins/del ATTG promoter polymorphism and ovarian cancer, oral squamous cell carcinoma, and nasopharyngeal carcinoma. Well-designed studies with larger representative sample sizes are necessary to confirm our results.
MATERIALS AND METHODS
The systematic review and meta-analysis was in accordance with the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) guidelines
Publication search
A systematic search of the PubMed, Web of Science, Science Direct, Ovid, China National Knowledge Infrastructure (CNKI) and Wan fang Data electronic databases was performed with the following key words: ("polymorphisms" OR "polymorphism" OR "SNP" OR "single nucleotide polymorphism" OR "variant" OR "mutation") AND ("neoplasm" OR "cancer" OR "tumor" OR "carcinoma" OR "carcinogenesis") AND ("NF-κB1" www.impactjournals.com/oncotarget OR "Nuclear factor-κB1" OR "Nuclear factor κB1" OR "NFKB1" OR "nuclear factor kappa B1" OR "NF kappa B1" OR "nuclear factor kB1" OR "rs28362491").
Inclusion criteria
No language or other restrictions were imposed in this study and the inclusion criteria were as follows: 1) case-control design; 2) studies evaluating the association between the NFKB1 -94ins/del ATTG promoter polymorphism and cancer risk; 3) studies describing the genotype distributions in detail to calculate the OR and 95%CI in cases and controls; and 4) the distribution data in controls must be consistent with Hardy-Weinberg Equilibrium (HWE).
Exclusion criteria
The exclusion criteria in this meta-analysis were as follows: 1) not concerned with cancer risk; 2) only a case population; 3) duplication of a previous publication; 4) the control group does not conform to HWE; and 5) animal studies.
Data extraction
According to the criteria listed above, information was carefully extracted from eligible studies independently by each investigator (Y.Q.L. and D.W.). The following information was collected from each study: surname of the first author, year of publication, ethnicity of subjects, genotyping method, frequencies of the genotypes in cases and controls, cancer type. The different ethnicities were categorized as Caucasian or Asian. Studies that investigated more than one type of cancer were regarded as individual datasets only in subgroup analyses according to cancer type. Any discrepancy was resolved through discussion.
Statistical analysis
The strength of association between the NFKB1 -94ins/del ATTG promoter polymorphism and cancer was estimated through OR with 95% CI. The combined ORs were determined by the Z test, and a P value of <0.05 was considered to be statistically significant. The NFKB1 -94ins/del ATTG promoter polymorphism consists of three genotypes: homozygote insertion or wild-type (II), homozygote deletion or variant (DD), and heterozygous ins/del (ID). We measured the association based on five different genetic models: the dominant (II+ID vs. DD), recessive (II vs. ID + DD), homozygote (II vs. DD), heterozygote (ID vs. DD), and allele (I vs. D) models. To investigate the origin of heterogeneity, subgroup analyses based on ethnicity (Caucasian and Asian) and cancer type were performed to identify the association between the NFKB1 -94ins/del ATTG promoter polymorphism and cancer susceptibility.
We used the Q and I 2 statistical tests to check the statistical heterogeneity among studies. If the P value was < 0.05 and I 2 ≥ 50% indicating heterogeneity, then a random-effect model was chosen to calculate the pooled OR; otherwise, a fixed-effect model was selected [12] . A sensitivity analysis was conducted by sequentially excluding each study to evaluate the stability of the results. The publication bias was estimated by Egger's test and Begg's funnel plots, with potential publication bias if p<0.05 and the plot was asymmetrical [13] . The statistical analyses were performed using STATA 11.0 software (Stata Corp, College Station, TX, USA).
